High altitude people required high endurance pack animals for load carrying and riding at prevalent mountainous terrains and rugged region. So far no studies have been taken to evaluate effect of loads on physiology of ponies in high altitude region. So, in this view we evaluated variation in physiological, hematological, biochemical, and cytokines indices of Zanskar ponies during load carrying at high altitude. Total twelve (12) numbers of Zanskar ponies, mare, age 4-6 years, were divided into three groups; group-A (without load), group-B (60 kg), and group-C (80 kg) of back pack loads. Track was very narrow and slippery with gravel, uneven with rocky surface and has a steep gradient of 4 km uphill at altitude 3291 to 3500 m. When we evaluate these parameters, it is understood that the heart rate, pulse rate and respiration rate was significantly (p<0.05) increased in 80 kg group among the three groups. The hematology parameters viz. hemoglobin, PCV, lymphocytes, monocytes %, ESR and eosinophil % significantly (p<0.05) changed in 80 kg group after load carrying among the three groups which was followed by control and 60 kg group. In biochemical parameters viz. LA, LDH, TP, HK, CORT, T3, CRT, AST, CK-MB, GPx, FRAP and IL-6 significantly (p<0.05) changed in 80 kg group after load carrying among the three groups which was followed by control and 60 kg group. The ALT, ALB, GLB, UR and UA significantly (p<0.05) changed in 80 kg group before and after load carrying among the three groups which was followed by control and 60 kg group. It has been concluded that, this result has revealed strong correlation of change in biomarkers level with performance in ponies during load carry. Hence, these parameters might be use for performance of endurance of Zanskar ponies in high mountain region.
INTRODUCTION
The strategic importance of protecting high mountain regions to prevent hostile infiltration requires huge deployment of troops along with logistic supply chain. Equine have been playing significant role in logistic support (Bharti et al., 2017) . Even in today's era of modernization the equine draught power cannot be wished away for many strategic reasons. L-Sector (Ladakh sector), prevalent high altitude region is a very difficult rugged terrain with highest peaks in the world, where large number of people working for recreation. The prevalent mountainous terrains and rugged region are not suitable for motorized vehicle to use in logistic transport. Therefore, people required high endurance pack animals for load carrying and riding. Therefore, there is a need of huge requirement of logistic support to deploy as an all terrain vehicles in mountainous areas. These animals have been virtually indispensable to human civilisation and are widely use for load carrying and transportation purposes by local people of remote localities and rough terrains of high mountains. The whole mechanics of ponies is much suitable and ideal for balancing while riding and load carrying. Hence, due to their suitability as pack animals, ponies are in high demand for deployment as all terrain vehicles in L-sector and other high mountain part of country (Venkatesan et al., 2011) .
The change in physiological, hematological and biochemical blood analysis provides information of clinical health status of the animals (Burlikowska et al., 2015) . Different types of activities viz. exercise, intensity, duration and frequency influencing these parameters in horses (Ciesla et al., 2013) . These indexes assume much more significance in horses owing to the use as the indicator of their physical fitness and performance (Snow, 1985) . Stress acting on body can disturbed the homeostatic balance (Cuesta and Singer's, 2012) . Fitness or exercise tolerance of a horse can be determined by assessment, through physical examination, of heart and respiratory rates (Bashir and Rasedee, 2009) . Endurance exercise is one of the best exercise programs to asses a safe and effective fitness levels in athletes as well as in pack animals carrying endurance load. A healthy cardiac system is must for high level of fitness and wellness of working pony. The cardiovascular system can maintain hemodynamic homeostasis in response to repetitive environmental stressor by increasing its functional reserve capacity (Vivek et al., 2018) . So, cardiac endurance performance is a key of health assessment of fitness level during performing endurance exercise and load carrying. An example of repetitive physiologic stress is endurance exercise training which induces adaptation in the cardiovascular system (heart) characterized by increase in maximal cardiac output, stroke volume, diastolic filling and left ventricular volume overload hypertrophy (Scharhag et al., 2002) . These adaptative responses are in concert with the adaptation in skeletal muscles (Holloszy and Coyle, 1984) which increase maximal oxygen (O2) uptake during training. In veterinary medicine and physiology, there has been a need to discover novel cardiovascular biomarkers to aid in the early detection, diagnosis, and prognosis of high altitude disease in animals (Bharti et al., 2016) . However, to increase their load carrying performance we need regular up-gradation and culling of weak animals having poor genetic make-up in endurance performance. Therefore, there is need a need to identify biomarkers of endurance performance and load carrying for selection of high performing breedable pack animals and deployment of high load carrying animals to reduce the maintenance cost and loss of animals on deployment which further necessitates the need of research and development to identify biomarkers at high altitude in ponies.
RESULTS
The heart rate, pulse rate and respiration rate increased significantly (p<0.05) in group C (80 kg) which was followed by group-A (control) and group-B (60 kg) for throughout the experiment after load carrying. The hematology parameters viz.
hemoglobin increased significantly (p<0.05) in 80 kg group after load carrying on 1 st day among the three groups which was followed by control and 60 kg whereas, PCV, lymphocytes, monocytes percentage also increased significantly (p<0.05). However, erythrocyte sedimentation rate (ESR) and eosinophil percentage decreased significantly (p<0.05) in 80 kg group after load carrying on 7 th day among the three groups which was followed by control and 60 kg group. In biochemical parameters viz. LA, LDH, TP, HK, CORT, T3, GPx, FRAP and IL-6 significantly (p<0.05) increased in 80 kg group on 7th day after load carrying among the three groups which was followed by control and 60 kg group. The ALT, ALB, GLB, UR and UA increased significantly(p<0.05) in 80 kg group on 7 th day before and after load carrying among the three groups which was followed by control and 60 kg group. The CRT, AST and CK-MB were increased significantly (p<0.05) in 80 kg group on 1st and 7th day after load carrying among the three groups which was followed by control and 60 kg group.
DISCUSSION
The physiological response viz. heart rate, pulse, respiration rate and rectal temperature increased significantly after load carry in animals carrying more weight comparatively; these changes were associated with either the level of load or the changes agreement as per reported finding by (Stefansdottir et al., 2017) in horses carrying a rider of different weight. It is well known that respiration rate is somewhat limited by stride frequency during exercise and also depend on gait pattern (Butler et al., 1993) therefore breathing can do more of a catch-up post exercise. As per our knowledge little is known about how respiration rate is affected by comparatively carrying more loads at high altitude. It may assist in cooling the body during carrying load, although vasodilation and sweating are more important (Hodgson, 2014) . Nonetheless, the rectal temperature of the ponies was increased indicating a substantial need for cooling.
Hemoglobin and PCV concentration increased after carrying more weight comparatively in the ponies as the amount of red blood cells released from the spleen reflects the magnitude of load until maximum splenic contraction. While packed cell volume can predict the oxygen transportation capacity. These changes are in accord with the earlier finding reported by (Stefansdottir et al., 2014) in horses, their riding assessment and by (Kang and Park, 2017) in horses after endurance exercise. These parameters grant us meaningful information about fitness changes in horses (Piccione et al., 2010) . The erythrocyte sedimentation rate (ESR) was decreased before and after in comparatively more load carrying ponies, which as the reported finding reported by (Hiraga and Sugano, 2016) during the intense exercise. It was observed that more weight load carrying ponies showed increase in lymphocytes percentage this evoke in leukocytosis, stayed in agreement with the results of other studies (Janick et al., 2013) . The reaction of exercise-induced release of lymphocytes to peripheral blood was caused by increased levels of catecholamines, especially epinephrine (Iversen et al., 1994) . Monocytes were found to be increased after load carrying, which was in agreement with the results of study (Robson et al., 2003) . The strongest point of this study is the fact that it was the first to study to analyze the effects of different load carrying at high altitude on hematological indices viz. lymphocytes, monocytes and eosinophil, hemoglobin and PCV in native breed of ponies.
Interestingly, we found that biochemical metabolites and their enzymes viz. lactic acid increased after load carrying in the high pack group, these results indicates that ponies with more muscular work either had more support from aerobic muscle performance or that their muscle tissue was larger or better at metabolizing lactate during load carrying. Plasma lactate levels exceed 4 mmol/l can only be maintained for relatively short periods (minutes) without causing fatigue or reducing performance (Stefansdottir et al., 2017) . It was suggested that the higher response of glycolytic metabolism might be reflected in higher values of CK and AST because of changes in permeability of the muscle fibre membranes (Fazio et al., 2011) . The increase in ALT level after carrying more weight in these ponies addressed the question regarding the potential changes in ALT level post-exercise. It is reasonable to assume, that measurements of ALT levels might be reflected by load carrying programs in ponies at high altitude and impact on muscle mass because there is a strong correlation between AST and ALT, as well as between CK and ALT (Greco-Otto et al., 2017) . Recently one of the study observed that low ALT blood activity, as a biomarker for increased weakness, is associated with lower baseline fitness of post-acute myocardial infarction and post-cardiac surgery patients going through a cardiac rehabilitation program. Low level of ALT serves as an independent predictor for low baseline exercise capacity, it is also independent from other physiologic variables that share this prognostic value by themselves including blood haemoglobin concentration and left-ventricular heart failure parameters (Kogan et al., 2018) . In light of our findings, it might be logical to suggest that ALT may be used, to identify endurance biomarkers in ponies at high altitude (Vivek et al., 2018) . Several studies confirm that at high alanine concentrations, ALT-mediated is the main step which controls the gluconeogenic flux from alanine (Groen et al., 1982 , Burelle et al., 2000 . ALT is not a specific marker to liver cells, but also a marker of damages in other tissues, including skeletal muscle, which releases these enzymes and leads to elevated levels (Vrankovic et al., 2015) . A significant increase in AST value after the jumping test suggests increase in mitochondrial membrane permeability, rather than muscle damage or strenuous muscular exercise (Valberg, 2009 ). The LDH activities are considered to be the main indicators of myocyte stability. The elevated level of lactate dehydrogenase is the result of more anaerobic energy supply in the body (Vrankovic et al., 2015) . Studies of enzymatic patterns are helpful in determining the degree of muscles, heart and liver adaptation to endurance exercise and load carrying. The level of total protein, albumin, globulin, creatinine and urea were found to be significantly increased. Greco-Otto et al., 2017 noticed that there was a strong correlation between plasma total protein, albumin, globulin, creatinine and urea. This increase in the values of these parameters was due to dehydration during intense work (Munoz et al., 2011 ). An increased concentration of urea has been associated with liver function and has been suggested to indicate increased synthesis of urea from ammonia in liver.
The association of increased level of urea and creatinine with a well prognosis may suggest controlled diuresis and probably to inhibit liver failure (David Weiner, 2014) . Increased concentration of uric acid acts as a potent scavenger of ROS and acts like antioxidant and protects from oxidative stress during intense work. Several published investigations of high altitude report a rise in circulating plasma uric acid levels (Finaud et al., 2006; Sinha et al., 2009; Peters et al., 2015) . Creatinine is produced by the decomposition of creatine, a nitrogen compound used by muscle cells to store energy. The serum concentration of creatinine varies according to creatine synthesis and the amount of muscle tissue of that animal (Stockham, 1995) . Increased HK activity leads to an enhanced capacity for phosphorylating exogenous glucose (Susana et al., 2006) . CK-MB enzyme activity increased after load carry because of structural damage of muscles during load carrying. Our data agrees well with the previous investigations on ultramarathon run (Son et al., 2015) . Past studies have suggested that the increased level of CK-MB helps transfer of high energy phosphates into and out of mitochondria, thus helping in regeneration of ATP in the cells (Mannem et al., 2009) . The T3 increased after load carry because it was primarily related to their involvement in maintaining functional homeostasis and hence increases metabolic activity, which helps burn more calories. According to previous studies T3 was reported to increase in regular exercise group (Bansal et al., 2015) . The concentration of cortisol increased after more weight load carry in ponies because of increased oxidative stress which can initiate a host of metabolic changes such as increasing gluconeogenesis and decreasing the amount of glucose that is metabolised as it is considered as stress as well as a catabolic hormone. Cortisol can also stimulate lipolysis in adipocytes which increases the release of lipids (Viru and Viru, 2001; Kramer and Ratamess, 2005) . The FRAP value increases after comparatively more weight load carrying ponies which is in accord with the study done before by (Balogh et al., 2001) , and stated that the rise in FRAP values in these horses was probably caused by increased uric acid concentration. The increased level of GPx activity after weight load carrying ponies are in agreement with the study of (Wieslaw, 2010) , and the demonstrated that among the antioxidants, the activity of GPx showed the high post-exercise changeability, which suggests a great importance of this enzyme in the protection of the organism from the increased generation of reactive oxygen species and suggested that the values of this index most strongly correlate with GPx activity, which may suggest its usefulness in determining the antioxidative potential in horses. Increase in circulating levels of IL-6 after load carry are in agreement with the study reported by (Steensberg et al., 2000) , and they stated that IL-6 increases after exercise even without muscle damage. This result suggests that increased IL-6 levels in higher load carrying ponies will use more fat as energy than before load carrying resulting in increased lypolysis. Moreover, past evidence stated that in responses to exercise IL-6 acts like a myokine which is synthesized in skeletal muscle and is secreted into the bloodstream and during muscular activity has a great potential to stimulate lipolysis and provides energy to working muscle (Grazyna Lutoslawska, 2012) . Plasma IL-6 increases in an exponential fashion with exercise and is related to exercise intensity, duration, the mass of muscle recruited, and their endurance capacity (Pedersen and Hoffman, 2000) . The interesting point of this study is to assess the circulating levels of cytokines in different load carrying ponies at high altitude.
CONCLUSION
It has been concluded that, heart rate, respiration rate, hematological indices like PCV, lymphocytes, monocytes, Hb and ESR, biochemical indices like lactic acid, LDH, TP, HK, CORT, T3, ALT, AST and CRT, ALB, GLB, UR, UA, GPx, FRAP and IL-6 are important biomarkers to asses effect of load on animal physiology and endurance. Further, this result has revealed strong correlation of change in biomarkers level with performance in ponies during load carry. Hence, these parameters might be use for performance of endurance of Zanskar ponies in high mountain region.
MATERIALS AND METHODS
This experiment was conducted at Zanskar ponies breeding unit located at Army RVS unit in Pratapur (Nubra vally) for 7 day on a track which had a steep climb of 4 km uphill, the uneven rocky surface, at an altitude of 3291 m to 3500 m (end point) was made of gravel and it was slippery. The ambient temperature was in the range of 15-30 ⁰C. These animals were divided into three groups n=04 in each group, Group-A as control (without load), Group-B (60 kg) and Group-C (80 kg) carrying the specified back pack loads including the weight of saddle. Ponies were made to walk on hill before sampling to ensure their wellness and health. Their gait was closely observed to rule out ponies exhibiting any difficulties during performance of the task. This practice helped us in ensuring that all the selected ponies are well coordinated and are equally able to perform the task comfortably. Their load carrying ability was standardize before the experimental trial.
Parameters studied
The physiologic responses viz. heart rate (HR), pulse rate (PR), respiration rate (RR), and rectal temperature (RT) were recorded before and immediately after the load carry. A total of 15 ml blood sample were collected from the jugular vein in vacutainer tubes just before and immediately after the load carry on 1 st and 7 th day for analysis of hematological parameters. Total leukocyte counts (TLC) were determined by haemocytometer methods. Hemoglobin (Hb) concentration was determined by using Sahli's apparatus, and packed cell volume (PCV) by microhaematocrit. Erythrocyte sedimentation rate (ESR) was determined by using Wintrobe Haematocrit graduated tubes (Benjamin 1978) . Differential leukocyte count (DLC) was obtained by the method of Kolmer et al. (1961) .
However, the serum isolated on 1 st and 7 th day was used for analysis of biochemical, oxidative stress and cytokine indices. The biochemical parameters were viz. alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST); lactate dehydrogenase (LDH), creatine kinase isotype (CK-MB), glucose, total protein (TP), albumin (ALB), urea (UR) and uric acid (UA) were determined by using commercial kits and by using fully automated BS-120 clinical biochemistry analyzer as per the manufacturer's protocol given in product brochure. Serum triiodothyronine (T3) and cortisol (CORT) were estimated by using commercial ELISA kits as per the manufacturer's protocol. Hexokinase (HK) and Phosphofructokinase (PFK) were estimated by using colorimetric assay kit as per the manufacturer's protocol. whereas, lactic acid (LA) assay was performed as per Pryce method (1969) by the help of molecular device SpectraMax R i3x.
The oxidative stress parameters in serum samples were measured by Ferric reducing antioxidant power (FRAP) assay as demonstrated by Benzie and Strain, 1996 with slight modifications. Serum glutathione peroxidase (GPx) level was measured through colorimetric method whereas reduced glutathione (GSH) levels were measured through the fluorometric method as per the manufacturer protocol by the help of molecular device SpectraMax R i3x. The cytokine indices viz. IL-2 and IL-6 were estimated by using commercial ELISA kits as per the manufacturer's protocol with the help of molecular device SpectraMax R i3x.
Statistical analysis
With the help of Graph Pad Prism5, data were analysed by one-way ANOVA method and level of significance considered at p < 0.05. Results are expressed as mean ± SEM (standard error mean).
